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SUMMARY
The purpose of this paper is to develop a conceptual framework and to explore the possible types of
Information System (IS)-capability models especially in the Architecture, Engineering and
Construction (AEC) environment. Based on current literature, capability is considered from the
perspectives of individual, organisation, and the skill to utilise IS innovations. The different
perspectives explain the challenge of improving the IS-capability. Individual capabilities need to be
studied when considering intelligence, knowledge formation and capability leading to action. The
viewpoints of organisation give insights into decision-making and the implementation of an
improvement project. The organisation is examined from the administrative, social, knowledge
management, activity and economic assessment viewpoints. Knowledge management was found to
be very important when considering IS capabilities. IS-capability can be simplified into organisation,
economic development, and technical dimensions. These dimensions have equal importance as IS-
innovations are utilised. Organisation needs to be committed, project has to be feasible, and the
technical solution needs to be mature to enable employees to utilise them. Finally, it is considered
desirable to undertake further research into the area of end user utilization of IS-capability, particularly
within the AEC culture.
INTRODUCTION
Future historians will certainly look back to the end of the zo" century as an era of information. This
was the time when information was everywhere. Why is it that almost everyone still seems to agree
that information is important, that we need it, and that more of it is better? Common sense, however,
asks how can we avoid the flow of unnecessary information. One answer is that information on its
own is not enough. Instead, information has to be transformed into knowledge. Where does the
knowledge come from and how do we cope with, control or manage this knowledge? Knowledge
management can be approached from three different directions: firstly from organisational cognition
and intelligence; secondly from organisational development and strategy; and thirdly from the
organisational information systems and information processing direction (Tuomi 1999). This study
makes use of the organisational cognition and intelligence direction as it aims to develop theoretical
constructs for IS-capability in AEC. This study concentrates on three areas: firstly how individuals are
co-operating and learning; secondly process capabilities and organisations; and thirdly what is IS-
capability in AEC.
The relations between intelligence, knowledge, capability and action are shown in figure 1. It says in
short that intelligence generates knowledge structures that underlie capabilities that manifest
themselves in selective action.
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Figure 1 Intelligence as a generator for selective action (Tuomi 1999, p. 122).
PROCESS CAPABILITIES AND THE INDIVIDUAL
During recent years, researchers have been studying learning organisations. The subject that learns
is human but not in isolation. The subject is a human-in-society. This means that in practise
individuals can use training, experience, habit formations, skill acquisition of the environment and
society as sources of knowledge and develop his/her own capabilities more rapidly than he/she could
do alone through experience, conceptual thinking and imagination. Interaction of intelligent individuals
will result in the development of knowledge that may form the basis of capability ultimately
manifesting itself in action.
The study of human knowledge is as old as human history itself and has been central to the study of
philosophy and epistemology since the Greek period. When considering intelligence, knowledge
formation and capability leading to action, from the perspective of the individual as a learning
organism, a theoretical investigation of the development of individual capabilities will be presented.
Initially, definition of some terms should be undertaken.
Intelligence is considered an innate aptitude to understand. The Platonist model theorised that it was
natural to the human intellect, always engaged as it is in determining under what former headings it
shall catalogue any new object. Piaget purported that the child constructs, during the course of
development, an individual understanding of the real world and said that, "... intelligence is
interactionist in essence" (Turner 1984 pp. 7). however, this Piagetian model ignored the influence of
social aspects on cognitive development. Bergson stated "...that the young child understands
immediately things that the animal will never understand, and that in this sense intelligence. like
instinct, is an inherited function, therefore an innate one" (Bergson 1960 pp. 155). Comparative
psychologists purport "...that the more an animal is intelligent, the more it tends to reflect on the
actions by which it makes use of things, and thus to approximate to man" (Bergson 1960 pp.197).
Knowledge is taken to mean comprehension of a subject whilst capability is taken to be the ability or
competence in a subject and finally action is taken as a deed or motion. The Piagetian model linked
knowledge to development and stated that for an individual "to know" required the construction of a
cognitive structure (Turner 1984). Knowledge is considered to be a competitive resource by Nonaka
and Takeuchi, who purport that knowledge creation generates competitive advantage (Nonaka &
Takeuchi, 1995 pp. 6). The three characteristics of knowledge creation elucidated by Nonaka and
Takeuchi are: firstly, to express the inexpressible; secondly, to disseminate knowledge; and thirdly,
that new knowledge is born in the midst of ambiguity and redundancy (Nonaka & Takeuchi, 1995 pp.
12).
One commonly accepted definition of learning is a relatively persistent change in an individual's
possible behaviour due to experience. Historically behaviourist-Iearning models have focused on
associative or classical and instrumental or operant learning theories. It is purported by classical
conditioning theorists, such as Pavlov, that people are conditioned to respond. Instrumental operant
learning theorists, such as Skinner, purported that people learn by trial and error, and that our
behaviour is moulded by reward and punishment. Activity theorists, such as Vygotsky, purport that
activity theory is a thoroughgoing object relations theory and that the transformation of interpersonal
experience into intrapersonal thought processes is the root of all that is specifically human in human
psychology. Vygotsky reportedly said "What the child does with an adult today, she will do on her
own tomorrow" (Enqestrorn, et. al. 1990 pp. 413). The cultural theory of human nature, within the
framework of activity theory, came to prominence during the 1980's under the banner of cultural
psychology and is defined as that branch of inquiry that delves into the contextual behaviour of
psychological processes (Engestrom, et. al. 1990 pp. 87). The inclusion of the interaction between
the individual and society provided the impetus for further research into the way individuals learn in
society. Social learning theorists, such as Albert Bandura, emphasized internal mental states, such
as expectancies. and considered vicarious learning and modelling to be important to the learning
process. Foster claimed that cultural reproduction and the transmission of knowledge is related to
order, control, stability and change in society, these being the fundamental problems in sociology
(Foster 1981 pp. 340). "...teaching children individually need not only accelerate cultural pluralism; it
can also strengthen respect for disciplined thought and inquiry and sensitiveness to humane values,
and these should act as a counterpoise to social division" (Bassett 1978 pp. 270). A comparison
could be drawn between society as a whole and the work environment or more specifically the work
environment within the AEC culture. Learning may be driven by either traditional means or by the
experience of the individual in society. "Educators may wish to assist individuals to assess for
themselves how they are using their cognitive processes at anyone time so as to plan what their next
move should be. By these means learners can become involved in the process of their own learning"
(Turner 1984 pp.155). Innovative learning theorists, in their view of knowledge creation, emphasise
the importance of critical questioning and rejection of the accepted wisdom as a triggering action to
innovative learning (Enqestrorn, et. al. 1990 pp. 397) More recently learning theories have
emphasized the role of cognitive processes in learning. Zeus and Skiffington assert that our learning
process is influenced not only by environment but also by mental events, mental representations, our
beliefs, expectations, emotions and intentions (Zeus & Skiffington, 2000). Constructivist learning
principles or narrative therapy is seen as a problem-dissolving system and a means of rewriting a
person's story and biography and utilises both the traditional learning techniques and interaction of
the learner in society. It purports that the learner is always an active organism, not just responding to
stimuli but engaging with them in an attempt to make sense of their world and in so doing generate
knowledge internally, not just from external sources. Since the most recent learning theories
emphasize the role of cognitive processes in the learning process and include mental events, mental
representations, people's beliefs, expectations, emotions and intentions as influencing factors to
change it is considered that learning is a manner of acquiring knowledge, utilising the cognitive
approach. Accordingly, it is considered that a cognitive intervention approach would involve
application of the latest learning theories. These theories should be learner focused and emphasize
learner ownership, to maximise the acquisition of knowledge generally and in particular within the
work environment. Cognitive intervention in the form of solution focused therapy, or coaching, is said
by Zeus & Skiffington (2000) to be essentially a conversation; it is about learning, a process more
about asking the right questions than providing answers. Being a coach is about change and
transformation. It is about fostering human beings' ability to grow, to alter maladaptive behaviours and
to generate new, adaptive and successful actions. Coaching is about facilitating the person's ability to
reinvent themselves, - creating new stories, new identities and new futures. It recognises that the self
is not a fixed entity, but is fluid and always in a state of becoming. Coaching is a process, where the
process is equally important when compared to the ultimate goal.
The learner is always seen as an active organism, not just responding to stimuli, but seeking them out
and engaging and grappling with them in order to make sense of the world. Knowledge is generated
internally, not just from external sources. Barnard maintained that knowledge consists of two parts,
firstly, logical, linguistic content and secondly, behavioural, non-linguistic content (Nonaka &
Takeuchi, 1995 pp. 36-37). Nonaka emphasises that new knowledge always starts with the individual
and is transformed into organisational knowledge (Nonaka & Takeuchi, 1995 pp. 13). The difficulty
may lie in individual's ability to generalise newly acquired knowledge in relation to the more broad
ideals of society. This should be the focus of future research. That is, investigators must examine the
IS capability models being utilised by end users, particularly in the AEC culture together with how the
solution-focused approach utilised at an individual level can be applied in the workplace and
particularly within the AEC culture.
PROCESS CAPABILITIES AND THE ORGANISATION
Sarshar (et al. 1999) pointed out that information technology (IT) and other enablers need to fit within
a business context of process improvement. They developed a framework of Standardised Process
Improvement for Construction Enterprises (SPICE) to support the construction companies in
improving their processes. The aim of SPICE is to reveal the maturity level of the process in the
construction company and describe the next maturity level. SPICE describes the major process
characteristics of an organisation at each maturity level, without prescribing the means for getting
there. The key processes need to be demonstrated with the five process-capability features:
(1) Commitment to perform - this typically involves establishing organisational policies. Some
require organisational sponsors or leaders.
(2) Ability to perform - this describes the preconditions (adequate resources, appropriate
organisational structure and training) that must exist to implement the process completely.
(3) Activities performed - describes the activities, roles and procedures necessary to implement
processes. It typically involves establishing plans and procedures, performing the work,
tracking it, and taking corrective actions
(4) Analysis and evaluations - describes the basic evaluation practises that are necessary to
determine the status of a process. In other words controlling and improving the process.
(5) Verifying implementation - this verifies that the activities are performed as planned.
(Sarshar et al 1999b, p. 382)
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Table 1 Features In capability studies. (Naaranoja 2001)
Table 1 compares the features of process capability of SPICE to those of IT capability in TIMI
barometer and individual capabilities and views in organisation. The study shows that in the main
approaches the organisational views are found. The main views are administrative, social,
economical, activity, and economical assessment. The TIMI features were created to assess the
maturity of the IT utilisation in the company.
We can distinguish several foci and levels of analysis in organisational analysis. When focal actor is
the owner, the organisation is seen as an economic entity that exists to make profit. When the focal
actor is top management we discuss decision-making, goal setting, command and control structures,
information flows, and organisational renewal. When the focal actor is a collective of workers,
organisational processes, division of labour, co-ordination of activities, communication networks,
institutions, commitments and culture look prominent. When discussing the organisation as such, the
organisational structure, cybernetic input-output models, and interorganisational models emerge as
natural issues that need to be studied. Rosenbojer (1998) studied development of ability and
willingness to organise resource mixes for productive actions in three levels: the firm, relationship and
network. He found financial, physical, human, technological, reputation and organisational resources
in this development. Although, his study focused on distribution in the fine paper sector in the United
Kingdom, the idea of analysing capability development in levels is usable. In addition, the importance
of reputation needs to be remembered as process is improved.
Within organisation, we have several perspectives in knowledge. Firstly, knowledge can be seen as
an accumulated resource that underlies capabilities. Knowledge makes some types of performance
possible. The accumulated possibilities for action we can call competencies (Tuomi 1999, p. 294).
Secondly, knowledge can be viewed as a structure that constrains activity, and that makes some
actions effective. Thirdly, knowledge can be viewed as a product. As a product, knowledge can
change existing constraints for actions, and lead to development. In the extant literature on
knowledge management, the focus has been often on the resource perspective. However, at the
same time the knowledge has also been viewed as a product. Therefore, it has been assumed that a
design or a document can be valuable as such, without considering the activity in which this value is
realised. Often two types of knowledge resources have been distinguished: human capital and
structural capital. The idea has been, for example, that human competencies" walk out every night"
and whereas structural capital "stays in the company. In economical terms it has been considered
that human capital can only be rented, whereas structural capital can be owned by the company
(Tuomi 1999).
The analysis presented in table 1 emphasise the importance of studying the capabilities in order to
understand how the capabilities of an organisation influence on those of an individual. It is also
important to study how the human capital can be "saved" in the organisation by IS that recreates the
knowledge. The features of capability are complex but we can simplify them in four different
dimensions: commitment, ability to perform, the processes of the activity, and ability to evaluate the
activity. It is most important to learn from the past projects. This can mean, for example, saving the
assessment results of the process in the project databank in order to remember the lessons learned.
IS-CAPABILITY
Naaranoja (2001) traced IS-capability from the features of SPICE, TIMI, and views in organisations,





This view is believed to help in assessing quickly the capabilities of the company and its co-operators
in AEC network. The dimensions are not independent since the information system may help the
organisation to improve its other capabilities. Economic development affects the possibilities to
improve information systems. However, the dimensions may be studied in separation.
The economic development aspect is understood here in a rather broad way. The scope is: how well
the economical aspects like the strategies support the use of innovations. The financial and other
resources are an important factor. It is important to be able to fit IT within a business context of
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Customers and Requirements of the customers
Suppliers Types of customers
Collaboration with suppliers
ORGANISATION
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Ability to assess: possibilities and Improvement capabilities
risks of IS-innovations Is it possible to make a big technology jump?
Table 2 IS-capability in a company.
process improvement. Based on these factors the company needs to be able to create a priority list
how IS can be improved.
The capability of the organisation is related to features like commitment and ability to perform
(compare process capability). Commitment to perform can be described by administrative and
institutional factors. Administrative means here the ability of the organisation to distribute labour to the
development task given and commitment and control habits of the organisation. Institutional factors
are communication and collaboration skills, power, trust, institutional factors and organisational
culture. Knowledge capital describes the ability to perform a feature in the organisation. Knowledge
capital is the sum of human and structural capital. Human capital is the sum of competence, attitude
and intellectual agility. Structural capital is the sum of internal structure, renewal capability and
external structure (Tuomi 1999).
The technical aspect aims to describe which kind of factors enables the use of IT-innovation in a
company. There is studied what kind of benefits are gained in organisations nowadays by using IS,
for example, how does IS improve decision-making. Experiences help the company to specify what is
needed and how the new IT should work. Especially, the ability to tell the software vendors the needs
and wishes of the company are important when selecting a new system.
Evidence is found that the level of domination of these dimensions varies in organisations affecting
the IS-utilisation. For instance, if the organisation dimension of IS-capability dominates the utilisation,
the benefits of IS may remain moderate though the organisation tests and uses several different kinds
of IS. If the organisation stresses the benefits of the IS-innovation and do not ensure the utilisation
skills of the organisation, the managers may have difficulties with the motivation of their employees.
This type of challenge can be seen as the employees have difficulties to find time to learn to use the
IS. The companies do not measure IS benefits, although companies say that they distinctly benefit
from the IS-utilisation. The technical dimension of the IS capability cannot dominate either the
utilisation since nobody can fully know the possibilities, since the IS develop so fast. The companies
also assert it difficult to follow the technical development and keep their systems updated. (Naaranoja
2001)
The needs of the company have to give direction to the IS-strategy. However, it is important to gather
the technical capability by utilising IT and studying IS-possibilities. Though IT-skilled individuals have
an important role, it is even more important that all the employees want to learn from each other and
skilled people are utilised to a maximum in this process. The question is not who is better but how to
hasten the learning and create a positive attitude towards ongoing change.
CONCLUSIONS
This theoretical paper describes IS-capabilities of individuals and organisations in general and in
particular within the AEC environment. The paper points out that the capability development should
happen at the individual, company and network level. It is considered that organisations operating
within the AEC environment would benefit by initially determining precisely what the requirements to
support their processes are. One methodology that could possibly be utilised to achieve this objective
is to prompt organisations to write a story about what is considered to be an ideal IS.
IS capability dimensions (economic development, organisation, and technical dimensions) need to be
improved even-handed since the optimal benefits of IS require knowledge of the business, capable
organisation, and sound IS. If one of the dimensions is dominating the development project the results
of the pilot may be successful but the wider community may, however, have difficulties in utilising the
results.
It is considered that the focus of future research should be in studying:
• individual's ability to generalise newly acquired knowledge in relation to the more broad
ideals of society, in general, and the AEC culture, in particular.
• organisation's ability to select the IS tools that become economically feasible and that the
individuals are motivated to utilise.
• what different types of IS-capabilities in AEC may exist and their connections with the
success of utilisation of IS.
• what kind of variation is likely to be present in different kinds of facility management (FM)
companies.
• the linkage between the formation of IS-implementation teams and implementation success.
For example, what role the team plays in the economic development dimension of IS-
capability. How is the project team formed? Is the project team able to affect the overall
capability? How do they affect it?
If the research was undertaken in these areas it is anticipated that IS capability would have increased
potential for improvement providing further potential for increasing individual job satisfaction and
ultimately leading to increases in productivity, especially within the AEC environment
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Welcome to Information on the W78 Conference
The W78 conferences provide a general forum for all those involved with Information
Technology in Construction to address the following objectives.
• To foster, encourage and promote research and development in the application of
integrated IT throughout the life-cycle of the design, construction and occupancy of
buildings and related facilities
• To proactively encourage the use of IT in Construction through the demonstration of
capabilities developed in collaborative research projects
• To organise international cooperation in such activities and to promote the
communication of these activities and their results
Latest Conference News
(16 April 2003)
Prof. Mary Lou Maher has kindly agreed to be the Friday morning keynote presenter (replacing Jerry
Laiserin). Mary Lou will address the 'Bridging the Distance' theme drawing on her extensive
experience of collaborative environments as well as highlighting the work being undertaken in
Australia within the CRC consortium.
(12 April 2003)
There are two unfortunate pieces of news for the W78 conference.
1. Keynote speaker Jerry Laiserin has had to withdraw from the W78 conference. Jerry was due to
attend the CAAD Futures and CAADRIA conferences following W78 and as these two
conferences have been postponed due to SARS Jerry is not able to get to W78
2. The University of Auckland has required the W78 conference to request all attendees from SARS
infected countries to not attend the conference. This has impacted on 10 people from Hong Kong
and Singapore. The conference now has 52 delegates attending from 20 countries.
NZ and SARS (16 April 2003)
Several people have asked what is happening in NZ in relation to the SARS outbreak. I think your
governments' and the WHO are providing a lot of guidance for travellers in Asia. The situation in NZ at
the current time is as follows:
• NZ does not have any cases of SARS
• NZ has not restricted entry of people from any country due to SARS
• NZ does not quarantine people coming from affected countries
• NZ does not test people entering the country for SARS
• NZ health officials will isolate people who have SARS symptoms and there is screening for
symptoms through nurses at NZ's international airports and prior to departure in SARS affected
countries
See: http://www.moh.govt.nz/sars for NZ's official news on this topic.
Schedule (Timetable)
https:/ /www.cs.auckland.ac.nz/w78/W elcomePage.php 29/06/2003
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Design Critiill!C Insidea MlIlti-Pla.Y~rGame EngIne Jules Moloney, Robert Arnor, Jay Furness and
Benjamin Moores
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All enquiries should initially be directed to Robert Amor (tL~bQr@cs~aucklant:l.ac.nz).
https:/ /www.cs.auckland.ac.nz/w7 8/PrintedPapers. php 24/04/2004
ens W78 Conference for 2003
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Welcome to Information on the W78 Conference
The 2003 W78 conference has been and gone. We had a very successful conference with 50 delegates from around the
world. This site provides residual information about the conference including:
• Electronic copies of all papers printed in the proceedings
o Where copies of the presentation were provided by the author these are also available to view
• Photos of ey_en!§atthEL~onferen~~ and from the [Lost gOI1L~[EillCE:LloUI
• Information on the scientific committee, the timetable, and the attendees
All enquiries should initially be directed to Robert Amor (trei:l~r@gs.a\.lckIQDd.~(;.nb).
For questions or comments relating to the operation of this web site, please contact UlnchQuenlber.
https:llwww.cs.auckland.ac.nz/w78/WelcomePage.php 24/0412004
